The heavy traffic of machinery and implements in no-tillage areas leads to surface compaction, especially when the managed soil contains high levels of moisture. This problem is one of the main causes of increased power demand in seeding operations. The aim of this paper was to assess the performance of two furrow opener mechanisms for planting soybean in clay soil with different levels of compaction and assess their relationship with traction demand. A random blocks experimental design with subdivided plots was used. The plots had four levels of soil compaction (1.16, 1.20, 1.22, and 1.26 Mg m -3 ), and the subplots consisted of furrow openers (double-disc opener and shank-type opener) with four replications. Soybean sowing was carried out with a no-tillage seed with five lines. Seed deposition depth; cross-sectional area of mobilized soil; depth and width of the groove and the power demand measured by a load cell coupled between the tractor and the seeder were analyzed. The shank-type furrow opener increased the depth and width of the furrows, the planting depth and the disturbed area, and required greater power demand as the density of the soil increased. The contrary was observed with the double disc opener as this furrower presents low capability to reach d eeper layers in compacted soil, as a result of its design characteristics.
Introduction
As a conservation management technique, direct seeding aims to maintain permanent soil cover and reduce tillage, disturbance, and erosion caused by water during the rainy season (Garcia and Righes, 2008) . However, it also involves the intense traffic of machines and implements, causing soil compaction and a subsequent drop in production (Moraes et al., 2016; Naderi-Boldaji and Keller, 2016) . Studies developed in Paraná affirm that around 45% of farm areas with clayey soil and cultivated with soybean/corn show levels of compaction in the 0.1 -0.2m layer, which is restrictive to root and aerial development of the plants (Franchini et al., 2011) . Consequently, most farmers use shank-type furrow openers to prepare the soil and unpack the topsoil (Furlani et al., 2013) . However, use of the chisel rod-like opener, or furrow opener, has become commonplace, even in areas where high levels of soil compaction are not observed. This leads to problems such as excessive tillage, and increased tensile strength requirements, greater fuel consumption and higher slip rates, thus increasing production costs (Levien et al., 2011; Santos et al., 2008) .
The shank-type opener demands traction force for furrow lines between 2.0 and 3.8 kN, depending on the furrow depth, geometry and angle of the shank and the pointer with the soil, as well as water content of the soil (Conte et al., 2008) . In the specific case of the soils in South-West Paraná, this power demand can be even greater since these soils were weathered from basalt with a high clay content, which therefore requires extra caution during motor mechanical operations to prevent excessive compaction.In a study on the power demand of a fertilizer and seed spreader equipped with shank-type opener on Ultisol, Mentges et al. (2010) found that increased soil compaction caused by the change of soil density from 1.55 to 1.71 Mg m -3 (up to 0.10 m in depth) increased the power demand by around 22%. However, in a study on no-till systems in Ultisol with two levels of traffic intensity in the same place, Rosa et al. (2012) did not find a significant difference in traction demand in a seeder-fertilizer equipped with chisel plough.
Evaluating operational parameters in a mechanized set, for rod and double-disc furrowers, on a Oxisol, Levien et al. (2011) found that in comparison to the double-disc furrow opener, the rod furrower caused an increase of 52% in soil mobilization, 32% in average traction power, and 60% in power peaks, besides a higher skidding index. The traction power values per seeding line were 2.55 kN for rod and 1.93 kN for double-disc. The average power consumed on the traction bar with four seeding lines was 15.83 kW using rod, and 12.46 kW with double-disc.
The aim of this paper was to assess the performance of two furrow opener mechanisms for planting soybean in clay soil with different to levels of compaction and assess their relationship with the demand for traction.
Results and Discussion

Seeding quality parameters
The furrow depth created by the shank-type opener was 79% larger than the furrow depth created by the double disc opener (Table 1 ). This result proves that the shank-type opener has a higher soil breaking capacity, and a greater capacity to position the fertilizer under the seed. This is an important finding considering that fertilizers are generally salt-based and direct contact between the seed and fertilizer hinders the water absorption capacity of the seeds, especially at the start of soaking (Bansal et al., 1980 , Moterle et al., 2009 , which can interrupt the chain of events related to seed germination.
In a study conducted in Oxisoil compacted by animal grazing in a crop-livestock integration area, Andreolla and Gabriel Filho (2006) also observed that the shank-type opener created deeper furrows (around 0.12 m) than the double disc opener (mean furrow depth of 0.05 m). The greater the depth created by the shank-type opener, the greater the depth of the furrow, which was also 13% wider than the furrow produced by the double disc opener, on average. However, furrow openers should preferably produce a smaller furrow width to prevent the incidence of invasive plants (Reis et al., 2006) .
Higher planting depth values were also observed for the shank-type opener in comparison with the double disc opener. This result is justified by the greater soil depth capacity of the shank-type opener, thus providing greater planting depth. Similar results were obtained by Trogello et al. (2012) and Modolo et al. (2013) who worked in TypicHapludox compacted by a crop-livestock integration system. However, some authors obtained opposite results due to the more stable furrow walls provided by the double disc opener (Reis et al., 2004) .
The average planting depths as a function of soil densities were between 0.04 and 0.054 m (Fig. 1A) , which is generally suitable for planting soybean. This is a fundamental factor for the good emergence and initial establishment of the crop seedlings. When seeds planted at greater depths germinate, the seedlings have a thick layer of soil to explore until they reach the surface (Reis et al., 2004) . Consequently, they take longer to surface and are thus exposed to attack from pests in the soil, hindering germination (Koakoski et al., 2007) . The disturbed area has a decreasing linear relationship with the density of the soil, ( . As the density increases, the furrow depth decreases and therefore reduces the disturbed soil area.
The shank-type furrow opener disturbed practically twice the area of the double disc opener. This result can be explained by the greater width and depth of the furrow obtained with the shank-type opener and shows that this method is an efficient alternative for breaking compacted surface layers. Francetto et al. (2015) also observed a greater disturbed area for the shank-type furrow opener, and an average of 31.25% compared with the double disctype opener. These authors attributed this result to the greater working depth used by the shank opener, to the unique actions of furrow opening mechanisms, and to the different dimensional characteristics of the elements that interfere in the shear stress, shearing, and compaction that these mechanisms cause in soil. Modolo et al. (2013) studied the performance of furrow opening mechanisms in soils under different grazing intensities and found greater soil disturbance using the shank type opener in comparison with the double disc furrow opener, but did not observe any effects of grazing intensity on the disturbed area. Mion and Benez (2008) evaluated the effects of several opening tools in RodhicHapludoxand also found a larger disturbed area with the use of shank-type openers. However, Mion et al. (2009) , in a study conducted in TypicHapludox, did not observe any differences between the shank-type opener and the double disc opener for a disturbed area with a mean density of 1.42 Mg m -3 in the layer under 0.15 m using a no-tillage system.
Energetic demand on the traction bar
With the increased soil density, the mean force on the bar using the shank opener increased 19%, while the mean force on the bar of the double disc opener dropped 9% ( Fig. 2A) . These results are associated with the greater operational depth of the shank opener and the greater demand for traction as the soil density increases. Given the greater difficulty of the double disc opener to break the soil, it tends to create a shallower furrow as the compaction level increases, thus demanding less force on the traction bar (Conte et al., 2008) . In studies conducted in RhodicHapludox using a seeder consisting of four furrow lines and a shank type opener, Levien et al. (2011) and Seki et al. (2012) obtained tractive force values of 10.20 and 10.17 kN, while the double disc opener produced values of 7.72 and 4.31 kN, respectively. Mean tractive force in relation to furrow depth has a linear relationship with increased soil density (Fig. 2B) . Soil compaction affects traction demand, and 23% extra force is required to reach the same furrow depth when we compare the highest and the lowest levels of soil density.
A linear relationship was also observed between the specific force in relation to disturbed area and soil density (Fig. 2C) . This behaviour agrees with the observed tractive force in relation to furrow depth and reveals that compacting generated by the tractor significantly increases the tractive force demanded by the seeder.
The force per disturbed area varied according to the furrow openers and a 12% drop in force was observed for the shank-type opener. Several authors observed similar results when comparing the efficiency of furrow opening mechanisms. Seki et al. (2012) obtained 5.78 N cm -2 in each planting line, when using a shank-type openeron Rhodic Hapludox, and 14.01 N cm -2 with the double disc opener. Levien et al. (2011) , working with a four-row seeder, also in RhodicHapludox, obtained 119.2 and 137.2 N cm -2 for the shank and double disc openers, respectively. Maximum force increased 15% using the shank-type opener, and decreased 19% using the double disc opener as the soil density increased from 1.16 to 1.26 Mg m -3 (Fig. 2D ). Similar behaviour was observed for mean tractive force as the shank reached greater depths, thus disturbing a larger area of soil. On average, the maximum strength was approximately 23% greater than the mean force using the shank-type opener, and 50% greater using the double disc opener. Casão Júnior et al. (2000) observed a greater maximum force in relation to the mean force of between 11.9 and 32.0% using the shank-type opener.
When the soil density increased from 1.16 to 1.26 Mg m -3 , the mean power of the traction bar increased 19% using the shank-type opener and dropped 8% using the double disc opener (Fig. 3A) . Levien et al. (2011) used a four-row seeder in RhodicHapludox and observed a mean power on the bar of 15.83 kW using the shank-type opener and 12.46 kW using the double disc opener, which provided planting depths of 4.5 and 4.2 cm, respectively, at an average working speed of 5.5 km h , and did not observe a significant difference in regard to the power in the traction bar per planting line in relation to the compaction levels. Maximum power required in the traction bar has a linear relationship with the density of the soil (Fig.  3B) . Maximum force on the bar increased 15% with the shank-type opener and dropped 18% using the double disc opener as the soil density increased from 1.16 to . In general, maximum force using the shank-type opener was 23% greater than the mean power, and 50% greater than the mean power when using the double disc opener. Using a four-row seeder in Rhodic Hapludox, Levien et al. (2011) obtained maximum power values of around 25.89 and 16.08 kW in planting depths of 4.5 and 4.2 cm using the shank-type opener and the double disc opener, respectively. CasãoJúnior et al. (2000) used a seven-row seederin soil with a density of 1.29 Mg m -3 and a shank-type opener that generated a furrow depth of approximately 10 cm, and reached a peak power of 22 and 50 kW for work speeds of 4.5 and 8.0 km h -1 , respectively.
Materials and Methods
Study area description and treatments
The experiment was conducted in Pato Branco city, Paraná -Brazil (Fig. 4) , in Typic Hapludox (Soil Survey Staff, 2014) with a very clayey texture (77.4% clay, 20.3% sand, 2.3% silt). The treatments consisted of combining the de-phased double disc furrow opener and a shank-type furrow opener, a no-tillage fertilizer and seed spreader, and four induced soil compaction levels that were obtained by driving a tractor through the entire plot and compressing the soil along parallel strips.
Procedure for soil compaction induction
The number of times the tractor passed along the strips varied according to the treatment, as follows: Level 0 -no additional compaction; Level 1 -additional compaction, two tractor passes; Level 2 -additional compaction, four tractor passes; and Level 3 -additional compaction, six tractor passes, corresponding to the soil densities 1.16, 1.20, 1.22, and 1.26 Mg m -3 , respectively. The soil was compacted using a New Holland® tractor model TL75E 4 x 2 TDA (auxiliary front drive), with maximum allowable ballast weight (4.630 kg), Standard® front tires 12.4 x 24 and rear tires 18.4 x 30, and a Jacto® mounted sprayer (250 kg) stocked with 600 liters of water, totaling a mass of 5.480 kg. The soil was compacted in October 2014, immediately after aperiod of rain, with a soil moisture content of 37.5%.
Arrangement and conduction of the experiment
The experiment consisted of a split plot arrangement, in which the main plots were formed by four levels of soil density, and the subplots were formed by the two furrow openers, totalling eight treatments in a randomized block design with four replications. The area was divided into four random blocks, totalling 32 experimental units with an area of 75 m 2 (3.75 x 20 m) each. The soybean was planted on 22/10/2014 under a black oat (Avenastrigosa) straw coverage. A no-tillage fertilizer and seed spreader with a drag and a mechanical seed hopper was passed along five furrow lines spaced 0.45 m apart. Mean sowing speed was 4.6 km h -1 and the fertilizer seeder was used in second gear with reduced transmission at 2,000 rpm.
The fertilizer was deposited using a shank-type furrow opener with a 17.76 mm wide point, at a 20° angle, and a height of 0.45 m or a furrow opener with a de-phased double disc 381 mm (15") in diameter, depending on the treatment.
Measurement of seed depth and area of disturbed soil
The three central furrow lines in each experimental unit were used to establish the seed depth, based on 10 seeds per line after removal of the soil, and to measure the distance to the edge of the furrow.
The cross-sectional area of disturbed soilwas measured using a profilometer with vertical rulers graded in centimetres, transversally arranged every 2 cm in relation to the furrow line.The natural surface profile and final surface profile of the soil were established for each experimental unit. Collection occurred along two furrow lines with two replications in each line.
The depth and width of the fertilizer furrow was based on the greatest difference between the original surface and internal profiles of the soil in the seeding furrow (Araújo et al., 1999) .
Traction force measurement
The demand for tractive force was measured using a load cell attached between the tractor and the seeder. The load cell was LíderBalanças® with a 50 kN capacity and a sensitivity of 2 mV V -1 . The Campbell Scientific® data acquisition system model CR800 was used to continuously monitor the traction bar force required by the fertilizer and seed spreader at a frequency of 10 Hz (ten readings per second).
Specific tractive forces were obtained for furrow depth and disturbed area using the ratio between mean force and furrow depth or disturbed area, respectively. Maximum tractive force corresponded to the highest tractive force value stored by the data acquisition system in each experimental plot. Mean power and maximum power required in the traction bar were determined by the product between mean average speed and average and maximum force, respectively.
Statistical analysis
The data were subjected to analysis of variance. In the case of significant differences (p≤0.05), the averages of the furrow openers were compared using the Tukey test (p≤0.05). Polynomial regression analysis was used for the soil compaction factor, represented by the variable soil density, and the models were selected according to the criterion of greater R 2 and the significance (p≤0.05) of the parameters of the equation. All data were subjected to the Cocharan test (p≤0.05) to check the homogeneity of the variances. For the inhomogeneous variables, the normality of the data was verified using the Lilliefors test (p≤0.05), followed by data transformation into the square root of the variables that did not satisfy the assumptions of homogeneity and normality. SAEG® version 9.1 software was used to analyze the data (SAEG, 2007) .
Conclusion
As the soil density increased, the planting depth and disturbed area decreased. The shank-type furrow opener proved more effective in breaking compacted layers in comparison with the double disc opener, and provided a greater furrow depth and width. As the density of the soil increased, the shank-type opener required greater power and force to break the soil, while the reverse effect was observed for the double disc opener.
